Background-Anisotropic reentrant excitation occurs in the remodeled substrate of the epicardial border zone (EBZ) of the 5-day infarcted canine heart. Reentry is stabilized because of the formation of functional lines of block. We hypothesized that regional differences of ionic currents in cells of the EBZ form these lines of block. Therefore, we first mapped reentrant circuits of sustained tachycardias, then dispersed cells (infarct zone cells, IZs) from the central common pathway of the circuit (IZc) as well as from the other side of the line of block (outer pathway, IZo) for study. Methods and Results-We mapped reentrant circuits in the EBZ of infarcted hearts during sustained ventricular tachycardias (Ͼ30 seconds, nϭ17 episodes, cycle lengthsϭ218Ϯ7.9 ms). I Na density was reduced in both IZc and IZo, and the kinetic properties of IZc I Na were markedly altered versus IZo. Structural remodeling of the sodium channel protein Na v 1.5 occurred in IZs, with cell surface localization differing from normal cells. Both IZc and IZo have similar but reduced I CaL , whereas IZc showed changes in Ca 2ϩ current kinetics with an acceleration of current decay. Computer simulations of the 2D EBZ showed that incorporating only differences between I Na in IZc and IZo prevented stability of the reentrant circuit. Incorporating only differences between I CaL in the IZc and IZo cells also prevented stability of the circuit. However, incorporating both I Na and I CaL current differences stabilized the simulated reentrant circuit, and lines of block formed between the 2 distinct regions. Conclusions-Despite differences in I Na and I CaL properties in cells of the center and outer pathways of a reentrant circuit, the resulting changes in effective refractory periods tend to stabilize reentry in this remodeled substrate. 
S
tructural and electrical nonuniform anisotropy underlies reentrant excitation and ventricular tachycardias (VTs) in the epicardial border zone (EBZ) of 5-day infarcted canine heart. 1, 2 This substrate is highly remodeled compared with normal noninfarcted epicardium. 3 For example, Na ϩ , Ca 2ϩ , and K ϩ currents in cells isolated from the EBZ of 5-day infarcted heart (IZs) have altered current amplitudes as well as critical changes in kinetics. 4 -7 Furthermore, studies have shown a different pharmacological response of the center and outer pathway tissues, which again suggests differences in currents between cells of the center and outer pathways. Despite results from experiments in normal tissue and computer simulations 8, 9 that indicate that a nonuniform substrate causes drift and self-termination of reentrant waves, VTs induced in the EBZ are sustained (Ͼ30 seconds).
To understand this paradox, we measured regional differences of ionic currents (Na ϩ , Ca 2ϩ and K ϩ ) in cells of the EBZ and studied how they contribute to the perpetuation of reentrant tachycardias. Accordingly, we first mapped reen-
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trant circuits in the EBZ of 5-day infarcted hearts with sustained tachycardias. Then, we dispersed cells from regions of the EBZ in the central common pathway of the circuit (IZc), as well as cells from regions directly adjacent to the central path but on the other side of the line of functional block (outer pathway, IZo). Finally, we formulated computer models of the IZc and IZo cells to study the contribution of the remodeled ion channel activity to stability of reentry.
Methods
Healthy mongrel male dogs (12 to 15 kg, 2 to 3 years old) were used in these studies. Under isoflurane anesthesia (30 mg/kg) and sterile conditions, myocardial infarction was produced by a 2-step total occlusion of the left coronary artery using the Harris procedure. 10 Dogs were treated with lidocaine (2 mg/kg IV) if multiple ventricular beats occurred at the time of the surgical procedure. Five days after surgery, mapping experiments were performed with animals under sodium pentobarbital (30 mg/kg IV) anesthesia.
We mapped reentrant circuits in the EBZ of 5-day infarcted hearts during sustained VTs (Ͼ30 seconds (cycle lengths [CLs]ϭ218Ϯ7.9 ms, nϭ17 episodes in 17 animals) induced by programmed stimulation. 11 After at least 2 sequential beats of the VT had been mapped and the location of the reentrant pathway determined (Figure 1 ), the location of the line of block that formed during the tachycardia was carefully marked on a transparent electrode grid. The size and location of the central and outer pathways were noted, and the heart was removed. Thin sections of EBZ were then made from the center and outer paths ( Figure 1A ). Each was subjected to our cell dispersion protocol. 7 Single ventricular myocytes were enzymatically dispersed from both the central common path (IZc) and the outer path (IZo), as well as from normal noninfarcted epicardium (NZ).
Electrophysiology
For study of sodium currents, an aliquot of cells was transferred onto a polylysine-coated glass coverslip placed at the bottom of a chamber that had been mounted on the stage of a Nikon inverted microscope (Nikon Diaphot). Myocytes were continuously superfused (2 to 3 mL/min) with Tyrode's solution containing (in mmol/L) NaCl 137, NaHCO 3 
Computer Simulations
Data from experiments were used to formulate ionic models of the IZc and IZo action potential (AP) (Data Supplement).
Effective refractory periods (ERPs) and action potential durations (APDs) were calculated in 1D simulations as described by Cabo and Boyden. 14 The dynamics of reentry were studied in 2D arrays. A 2D sheet (5ϫ2 cm 2 ) was divided into 2 vertical regions of equal area to represent the center and outer pathways. To initiate a clockwise wave, we electrically isolated the central and outer regions and initiated a propagating planar wave by external stimulation along the top boundary of the outer region. Once the wave was created, the electrical connection between the central and outer regions was established, and a spiral rotating reentering wave was initiated. The spatial resolution was 100 m in the direction of the fiber orientation and 20 m in the direction transverse to the fibers. The intracellular resistivity in the longitudinal direction was 0.5 k⍀ · cm and in the transverse direction was 10 k⍀ · cm to simulate the reduced side-to-side coupling between IZ cell pairs as reported by Yao et al. 15 We completed 4 sets of simulations. In the first, to simulate reentry in a substrate with identical cell APs, we used our generic model 14 of an IZ at nodes in both the center and outer regions. In the second, all ionic currents except I Na as well as changes in ionic concentrations and intracellular calcium handling were formulated as reported in the model of an IZ. 14 In the third set, all ionic currents except I CaL were formulated as reported for IZ. 14 In the fourth set, we combined regional changes in I Na and I CaL and K ϩ currents to formulate complete cell models of IZc and IZo.
Immunocytochemistry
Some cells dispersed for the electrical studies described above were plated on laminin-coated glass chamber slides and then fixed with 4% paraformaldehyde for 30 minutes, rinsed with PBS (Sigma), blocked in 2% avidin-PBS and rinsed in PBS, then blocked in 2% biotin-PBS and rinsed in PBS. Cells were then stained for Na v 1.5 (Data Supplement).
Statistics
All values are represented as meanϮSEM. n is the number of cells, and N is the number of animals. A value of PϽ0.05 was considered significant. For multiple comparisons (eg, see Table 1 ), ANOVA was used to determine whether sample mean values between groups were significantly different. If so, a modified t test with Bonferroni correction was used (Sigmastat, Jandel Scientific). Fisher's exact test Figure 1 . A, Activation map of 1 reentrant beat in the 5-day EBZ during a sustained VT (top). Isochrones (10-ms intervals) and arrows show path of excitatory wave fronts. Activation during the time window shown begins in the central common pathway between the 2 thick parallel lines of functional conduction block and moves upward toward the base of the heart (10 to 60 ms). Two wave fronts then move around the outer aspects of the lines of block, to the left and to the right (60 to 120 ms, arrows) and reenter the central common pathway at the 120-ms isochrone. Cells were made from 2 different regions of this reentrant path, the central and the outer pathways (noted by dotted boxes). ECG scale bar is 100 ms. B, Electrograms at indicated sites during sustained VT of A. Arrow indicates pattern of excitation.
was used to determine the change in number of cells with specific location of Na ϩ channel antibody (see Figure 3B below).
Results

Sodium Currents
Compared with NZs, average peak I Na densities of IZc and IZo were significantly smaller, but IZo peak I Na did not differ from that of IZc (V h ϭϪ100 mV) ( Figure 2 , A and B). Average current density-voltage relations of IZc and IZo also differed from that of NZs ( Figure 2C ). Current tracings of I Na in a NZ, IZc, and IZo are shown in Figure  2B . Note that in the IZo, the time constants of current decay and times to peak of I Na were greater than those of IZc (PϽ0.05) ( Table 1) . I/I max curves of IZc showed a significant negative shift (Ϸ8 mV) compared with that of NZs ( Table 2) . IZo V 0.5 values did not differ from the NZ value. The average activation curve of IZc also showed a significant negative shift (Ϸ5 mV) compared with that of NZs (PϽ0.05). This differed significantly from IZo (Table  2) . Thus, a negative shift in both activation and I/I max curves was observed in IZc. I Na recovery from inactivation in IZc and IZo was slowed compared with that of NZs; however, values in IZc and IZo did not differ ( Figure I , Data Supplement). Finally, clamp protocols designed to test closed-state inactivation were completed as before 16 and showed that the time course of closed-state inactivation was markedly accelerated in IZc (Table 3 ). In sum, although I Na density was reduced in both IZc and IZo, the kinetic properties of IZc I Na were markedly altered.
Immunocytochemistry: Na v 1.5 in Canine Epicardial Cells
Previous reports in mouse ventricular cells from normal hearts have suggested that the cardiac Na ϩ channel isoform, Na v 1.5, localizes primarily to gap junction regions. 17 Because other proteins also localize to this area in normal canine epicardial cells, 18, 19 we hypothesized that like Cx43 and K v 1.5 proteins, the cardiac Na ϩ channel protein may redistribute around the cell membrane (lateralize) in IZs. Thus, we completed a series of immunostaining experiments in IZc and IZo and compared their Na v 1.5 staining pattern with that of NZs. We found that Na v 1.5 staining in NZs was uniform, with staining all along the sarcolemma (SL) in all optical sections as well as in the gap junction region. There was no staining of T-tubular membranes. SL staining of an NZ showed a specific pattern, with staining being separated every 1.9 m by a small region of no staining (because of T-tubular invaginations) ( Figure 3A , inset). Most NZs studied showed this staining pattern ( Figure 3B ), whereas 20% showed a gap staining pattern accompanied by nonuniform staining of the SL. In con- Thus, although there were electrophysiological differences between IZc and IZo, both cell types showed abnormal cell surface staining for the Na v 1.5, ␣-subunit of the cardiac Na ϩ channel. This is consistent with the observed reduction in Na ϩ current density.
Ca
2؉ Currents
Peak L-type Ca 2ϩ currents in IZc and IZo were reduced, similar to each other, but differed from NZs ( Figure 4 ). Reduced Ca 2ϩ currents in IZo and IZc occurred at most voltages ( Figure 4B ). However, the decays of the small peak IZc currents were faster than those in IZo and NZs ( Figure   Figure 3 . A, Cell staining for the ␣-subunit of the cardiac sodium channel, Na v 1.5. Note that in the NZ, the optical plane through the surface shows SL staining (pseudocolor is reddish orange) that has a particular pattern. Notably, the SL shows robust, nearly uniform staining. An enlargement of SL pattern (see inset) shows that cell surface is stained except for every 1.9 m. This is consistent with T-tubular invaginations in NZs. The subsurface optical plane shows robust SL staining but no staining in the cell core (blue), consistent with lack of staining of T-tubular membranes. Calibration bar is 25 m. In the IZ, SL staining is present but nonuniform in both planes. Gap junction staining remains in this IZc. B, The heights of the bars depict the frequency of NZ (nϭ26), IZc (nϭ29), and IZo (nϭ28) that showed either uniform SL and gap pattern, nonuniform SL and gap pattern, or no staining at all (none). All cells were prepared and viewed in a similar manner. For each cell, optical planes were taken at several layers of the cell. 4C). This is interesting, considering the well-known current dependence of Ca 2ϩ channel inactivation. Activation curves were similar in all 3 cell types. However, there were differences in steady-state availability curves between IZc and IZo, with there being a significant negative shift in IZc versus NZs (Table 4) . Although there is a significant slowing in recovery in both IZc and IZo versus NZs, there is no difference between the 2 IZ cell groups (Table 5) .
In a subset of cells from each group, we tested whether we could augment peak Ca 2ϩ currents with ␤-adrenergic stimu- lation as described by Aggarwal and Boyden. 20 Figure II (Data Supplement) shows that compared with NZs, in which isoproterenol 1 mol/L increases peak current 2.72Ϯ0.15-fold (nϭ10), it had a similar effect in IZc (2.13Ϯ0.2-fold, nϭ10) and a diminished effect in IZo (1.79Ϯ0.13-fold) (nϭ14) (PϽ0.05 versus NZ).
K ؉ Currents
As reported previously, 7 most IZ cells have no transient outward current that can be elicited with depolarizing clamp steps. In both IZc and IZo, this is also true. Only 5 of 11 IZc and 2 of 11 IZo cells had a measurable I to in this study ( Figure III, Data Supplement) . However, the densities of these transient currents in both cell groups did not differ from each other and were small compared with NZs (Ϸ20 pA/pF at ϩ40 mV). 21 Furthermore, there were no differences in I sus or Cs-sensitive currents (I K1 ) in cells of the 2 IZ groups. In sum, IZc and IZo have reduced I CaL . However, there was no difference in the peak I CaL in IZc and IZo. IZc cells showed changes in Ca 2ϩ current kinetics: an acceleration of current decay, a shift in availability, and a slowing in recovery from inactivation. The small I CaL of IZc responded normally to ␤-adrenergic stimulation, whereas IZo I CaL did not. There are similar changes in K currents in both IZc and IZo. 
Computer Simulations
Reentry in a Uniform Model of the EBZ
To simulate reentry in a substrate with identically remodeled cells (same APs), we used our generic IZ cell model 14 for both the center and outer regions. Reentry was stable for the duration of the simulation (5 seconds), with a CLϭ210 ms (Movie I, Data Supplement). Although it is not unexpected to obtain stable reentry in such a medium, experimental results reported above show that there are significant differences in I Na and I CaL between IZc and IZo. Therefore, to understand the stability of reentrant circuits in the EBZ, we need to understand the conditions under which EBZ circuits are stable in this remodeled substrate.
Effect of I Na Remodeling on Reentry
Therefore, we adapted our generic IZ cell AP model 14 to generate a cell model of an IZc and an IZo by incorporating the I Na data (for changes in rate constants/equations used, see Data Supplement). Figure 5 shows the calculated I Na density-voltage curves, activation and inactivation curves, and simulated APs of the IZc (solid line) and IZo (dotted line). Except for a small reduction in AP plateau, there were no differences in APD 90 ( Figure 5D ). Notably, there were differences in the maximum depolarization rate and refractory period as measured in a 1D cable using a S1-S2 protocol. 14 As a result, conduction velocity was decreased by Ϸ10% in the IZc cable. Both cell types exhibited postrepolarization refractoriness, with IZc exhibiting a longer refractory period (215 ms) compared with that of IZo (198 ms).
To understand whether differences only between I Na in the IZc and IZo cells promote or prevent stability of the reentrant circuit, we performed the computer simulations illustrated in Figure 6A . Note that the reentrant wave was not stationary terminating after 6 rotations (Ϸ1400 ms) (Movie II, Data Supplement). In sum, although the tip trajectory and the lines of functional block during the 6 beats stayed within 5 mm of the boundary of the central and outer regions ( Figure 6A , right), differences in refractoriness between cells of the central and outer regions produced by the changes in I Na in these cells caused the spiral to drift into the IZc region. Eventually, it is extinguished by colliding with the top boundary of the preparation and refractory tissue of the IZo cells.
Effect of I CaL Remodeling on Reentry
To understand how the kinetic differences in I CaL seen in IZc and IZo would affect the AP, we incorporated the averaged data into our cell model. While these simulations showed differences in APs (the ERP was 188 ms in the IZc and 224 ms in the IZo) between IZc and IZo, only a nonsustained tachycardia could be induced in the 2D array (Movie III, Data Supplement). The large difference in ERP (36 ms) caused a drift in the reentrant circuit along the boundary. 8, 9 Thus, differences only in I CaL in the different regions of the reentrant circuit did not promote a stable line of functional block.
Effects of Remodeling of Both I Na and I CaL on Reentry
We next produced cell models of IZc and IZo that incorporated both I Na and I CaL data. Results from our simulations are shown in Figure 5 , E and F. The combination of the regional differences of both inward currents produced an IZo AP (and ERP) that was longer than IZc AP, but the ERP difference (13 ms) was smaller than when I Na (17 ms) or I CaL (36 ms) differences were considered alone. This is because remodeling in I Na and I CaL affects the ERP in the central and outer pathway in opposite directions: remodeling of I Na makes the ERP longer in IZc than in the IZo; remodeling of I CaL makes the ERP longer in IZo than in IZc. Overall, when the remodeling of both currents is taken into account, differences in ERP decrease. Notably, although ERP was longer in IZo, velocity was increased over IZc ( Figure 5F ).
To understand whether together, I Na and I CaL differences in IZc and IZo promote or prevent stability of the reentrant circuit, we performed the simulations illustrated in Figure 6 , C and D. The circulating wave was stationary, forming a line of functional block between the 2 regions ( Figure 6C ) for 9 rotations, after which it terminated (Movie IV, Data Supplement). Figure 6C shows isochronal maps of the last 5 beats of the reentrant wave. During beats 5, 6, and 7, the reentrant circuit is stable at the boundary between IZc and IZo ( Figure  6C ). During beats 5 and 6, sites g-a ( Figure 6C ) activate transversely without delay. However, the wave of beat 7 cannot propagate from f to e because of postrepolarization refractoriness of site e ( Figure 6D , asterisk, small hump in e). Site e is eventually activated after the wave turns around a longer line of functional block ( Figure 6C ). The premature activation of IZc cells during beat 7 causes a decrease in APD. Figure 7 illustrates the dynamics of I Na ( Figure 7B ) and I CaL ( Figure 7C ) during reentry at 2 sites, one in the central pathway (solid line) and another in the outer pathway (dashed line) and shows that the decrease in APD in the central pathway is the result of a reduced I CaL ( Figure 7C ) that results from the acceleration in current decay and its delay in recovery (Table 2) . Because IZc APD is shortened, the reentering wave in beat 8 propagates readily across the boundary between the central and outer pathway, causing a further reduction in IZc APD (note the decrease in APD during beats 6 to 7-8 at sites b, c, and d in Figure 6B ), thus allowing the reentering wave to rotate inside the center region. Figure 8 summarizes our findings. Incorporating only differences between I Na in the central and outer pathway cells prevented stability of the reentrant circuit. Incorporating only differences between I CaL in the central and outer pathway cells also prevented stability of the reentrant circuit. However, Figure 7 . A, Dynamics of action potentials during simulated VT when remodeled I CaL and I Na are considered. B depicts the changes in I Na during these beats. C depicts the dynamics of I CaL during these beats. In all panels, dotted lines are data from IZo and solid lines are from IZc. Figure 8 . Summary of CL changes during simulated beats when only I Na differences were used, when only I CaL differences were incorporated, and for simulations including both inward current differences in the center and outer pathway. These data have been obtained from movies shown in Data Supplement.
incorporating both I Na and I CaL current differences in the central and outer pathway cells stabilized the circuit, and lines of block formed between the 2 distinct regions.
Discussion
Location of the central isthmus of a reentrant circuit or the area of slowed conduction of VTs has been used as an approach for ablation of these tachycardias. [22] [23] [24] Although this has been useful, sometimes the lines of block and therefore the isthmus are difficult to locate, and the reentry is nonsustained or not inducible. Thus, we have approached this problem by determining the ionic determinants of the lines of functional block that form during a reentrant tachycardia. For these studies, we used the well-studied VTs that occur in the canine epicardium 5 days after coronary occlusion. 25 In our studies, we mapped reentrant circuits with CLs similar to those previously described in this model. 26, 27 Our maps showed that lines of block formed between the center and outer regions. Using tissue slices obtained at each side of the line of block, we describe here the differences in ionic current function in the cells from these 2 regions.
Similar to our previous findings 16 using somewhat larger tissue slices from the EBZ (and for which tachycardias had not been mapped), we found that IZc and IZo cells have a reduced I Na density. However, we found that there are significant differences between the kinetic parameters of I Na in IZc versus IZo. IZc I Na tended to enter inactivation from a closed state more rapidly, displaying shifts in both availability and activation curves. These differences are not a result of differences in experimental techniques, because we sampled both IZc and IZo, controlling for time after membrane rupture (see figure legends) .
The mechanism of these differences is unknown at this time. With the immunocytochemistry experiments presented here, we show that there is a loss of the protein of the ␣-subunit Na v 1.5 in cells from the EBZ (Figure 3) . Thus, there is marked structural remodeling of this protein in IZs. However, quite different from the structural remodeling of other proteins in cells of the EBZ, 18, 19 we find that there is a loss of Na v 1.5 protein at the cell surface in both IZc and IZo, consistent with reduced peak I Na . This staining differs from the staining pattern we observed in NZs, which showed significant SL, non-T-tubular staining of Na v 1.5 protein with some gap junctional staining and from the Na v 1.5 pattern seen in mouse ventricle by our laboratory (data not shown) and by others. 17 Our findings in normal canine ventricle cells are consistent with the findings of several patch-clamp reports in which investigators have studied single Na channels in cardiac cells (see, eg, Berman et al 28 ) . In none of these reports was it stated that single sodium channel records could be obtained only if the investigator clamped regions of the gap junction. In both IZc and IZo, we found that surface staining for Na v 1.5 was nonuniform, non-T-tubular, and gap junctional. In fact, in some IZs, gap junctional staining was the only staining observed. The change in the location of Na v 1.5 proteins may have little effect on the cell electrophysiology but may affect propagation. 29 
Ionic Current Heterogeneity and Stability of Reentrant Circuits in the EBZ: Pharmacological Implications
One of the main results of our study is that despite differences in I Na and I CaL channel properties in the IZc and IZo, the resulting change in refractory period tends to stabilize reentry in the EBZ. An important consequence of this is that the stability of the reentrant circuit is not a result of the remodeling of a single current (ie, I Na or I CaL ) but rather is determined by how any combination of remodeled currents affects the refractory period. This insight has important pharmacological implications. We suggest that one therapeutic strategy for converting a sustained VT to a nonsustained VT would be to make the refractory periods of the central and outer pathway as different as possible. Such a difference in ERPs would cause the reentrant wave to drift and eventually stop. For example, if we chose to use an I CaL agonist to decrease the differences in I CaL between IZc and IZo, we might predict that the circuit would become unstable and terminate, because regional differences in I Na alone show unstable circuits (Figure 8 ). In fact, this has been reported for this model. 27 Conversely, if we chose to normalize I Na differences between IZc and IZo (eg, by using a drug that would relieve closed-state inactivation of IZc cells), we might expect the circuit to be unstable and tachycardias to terminate. This idea is not in conflict with the idea that pharmacological manipulation of anisotropy could lead to destabilization of reentry in this model (but this was not tested here). What we show here is that manipulation of anisotropy is not the only way to destabilize reentry. From our computer simulations, we suggest that the possibility of destabilizing anisotropic reentry can be done by creating gradients of refractory period in the highly remodeled center/outer regions. All that this requires is sufficient quantitative knowledge of the ion channels that are critical (as opposed to bystanders) in the remodeling process.
Time Course of Remodeling and Inducibility of VT
Our results here may also explain why in this experimental model, in which there is a time course in the inducibility of the VT, a sustained VT is induced in some animals but not in others. 2 The remodeling of ion channels is a dynamic process, as we know from both ion channel studies on cells from acute and more healed infarcts 3, 21 and from this study, in which the dynamics of the ion channel changes in different regions of a circuit affect the stability of the circuit. Each ionic current contributing to the AP waveform has its own time course of remodeling and reversal. Therefore, if the time course of remodeling in cells in each region for each current were known, we should be able to predict the occurrence of sustained VT in the substrate in question. Sustained VTs would occur only when the sum of all ionic current remodeling results in center/outer regions with similar ERPs. In fact, if the time course of remodeling of one inward current
Ion Channel Remodeling, Gap Junction Remodeling, and Stability of Reentrant Circuits
In this model of reentry, called anisotropic reentry, lines of block form in regions of slow transverse propagation associated with the nonuniform anisotropic nature of this substrate. Peters et al 30 suggested a relationship between the location of the stable lines of block and the microanatomy of the EBZ as well as the distribution of abnormal connexin43 staining in EBZ cells. A limitation of our in silico representation of the EBZ is that it is one cell deep and has no structural components (macro or micro). It is clear from several of our previous studies, as well as those of others, that the electrical remodeling occurring in the 5-day EBZ is not limited to SL ionic channels. Gap junction distribution in the central pathway of reentrant circuits and gap junction conductance between side-to-side coupled cell pairs (direction transverse to the fiber orientation) 31 are also remodeled. Although the functional effects of gap junction remodeling on anisotropy are still unknown (and currently under investigation), it is possible that changes in cell coupling and anisotropy contribute to further stabilization of reentry in the EBZ. 32 This is supported by the fact that even though the incorporation of the remodeling of I Na and I CaL in the models of IZo and IZc tends to stabilize reentry, the simulated reentry is not as sustained as it is in the experimental model. Again, we do not believe that the findings we report here invalidate the concept that anisotropy is important for stabilizing reentry. Rather, we contend that any mechanism of reentry in the EBZ should take into account all new findings, such as those presented here, where cells of the center and outer pathways show differences in ionic current function.
Limitations
We have shown that when we incorporate in a computer model ionic currents measured in IZc and IZo, reentrant circuits tend to stabilize. However, in the in situ infarcted hearts from which the IZc and IZo cells were harvested, reentrant tachycardias were stable for more that 30 seconds. Thus, it is possible that the remodeling of SL currents alone is insufficient for stabilization of reentrant circuits for longer periods. Other factors like gap junction remodeling, anchoring to anatomic obstacles, or the presence of areas of discontinuities may contribute to the stability of reentrant circuits.
